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(54) Adjustable overlap joint and structure produced thereby

(57) The present invention relates to a friction stir
welding method and a structural body which is formed
using a friction stir welding method. In particular, the
present invention is directed to a friction stir welding
method and a structural body made of an aluminium alloy
extruded frame member, such as is used for example in
a railway vehicle, formed by friction stir welding of a
number of extruded frame members. Joining is per-
formed by abutting a first member (101) with a second
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member (102) by contacting a downwards facing surface
of an overlapping portion of a first member which projects
above one face of the other member in the lateral direc-
tion in and an upwards facing surface of a second mem-
ber in such manner that the downwards facing surface
and the upwards facing surface are in slideable contact
before joining and said first and second member are ro-
tatable, and carrying out a friction stir welding to join the
members to form a frame structure.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a friction stir
welding method and a structural body which is formed
using a friction stir welding method. In particular, the
present invention is directed to a friction stir welding
method and a structural body made of an aluminium alloy
extruded frame member, such as is used for example in
a railway vehicle, formed by friction stir welding of a
number of extruded frame members.

[0002] The invention is directed to the provision of
means for simplifying the welding of metal frame mem-
bers, which may have a certain dimensional variation.
The invention is particularly suitable for welding of mul-
tiple extruded members where the final frame has a
slightly rounded contour.

[0003] Friction stir welding is a method in which, by
rotating around pin (called "a rotary tool") which has been
inserted into a welding joint between extruded frame
members and moving the rotary tool along a welding line
of the welding joint, the welding portion is heated, sof-
tened and plastically fluidized and is solidly welded. The
rotary tool is comprised of a small diameter portion which
is inserted into the welding joint and a large diameter
portion which is positioned outside of the small diameter
portion of the rotary tool. The small diameter portion and
the large diameter portion of the rotary tool have the same
axis. A boundary between the small diameter portion and
the large diameter portion of the rotary tool is inserted to
a small extent into the welding joint during welding.
[0004] The above-stated technique is disclosed, for
example in W095026254 (TWI).

PRIOR ART

[0005] Welding of large frame members maintaining
close tolerances is known to be difficult due to the dimen-
sional variations.

[0006] EP893190 discloses the use of sloped surfaces
to compensate for dimensional variations causing a gap
between the frames to be joined.

[0007] InEPQ947280 an overlap jointis used to supply
extra metal to the joint at friction stir welding of compo-
nents having a gap at the joint area. There is no discus-
sion of compensation for dimensional variations by ad-
justment of the frame structure.

[0008] EP1057574 discloses the use of an intermedi-
ate member overlapping the frame members to be joined
at the joint area. No reason for the overlap is given, nor
is the use of an integrated extension from one of the
frame members considered.

SUMMARY OF THE INVENTION

[0009] An object of the present invention is to provide
amethod for welding frame members by means of friction
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stir welding wherein dimensional variations of frame
members to be joined are compensated for by a specific
joint construction using an adjustable overlap. Another
object of the invention is to provide a frame construction
with close to nominal tolerance while maintaining high
production capacity, short cycle times and high repeat-
ability.

[0010] The above-stated object is achieved by the use
if an overlapping portion of a first frame member which
projects in the width direction from of the first frame mem-
ber towards the other member overlapping an upwards
facing surface of a second member in such manner that
the overlapping portion and the upwards facing surface
ofthe second frame memberisin slideable contact before
joining so that deviations from nominal dimensions can
be compensated for by rotating the members.

[0011] The invention provides a method for welding
according to claim 1.

The invention also provides a frame construction accord-
ing to claim 9

BRIEF DESCRIPTION OF DRAWINGS

[0012] FIG. 1 is a longitudinal cross-sectional view
showing friction stir welding of frame members according
to the prior art;

[0013] FIG. 2 is a longitudinal cross-sectional view
showing frames to be joined using an adjustable overlap
joint according to the present invention;

[0014] FIG. 3 is a longitudinal cross-sectional view
showing a second embodiment of frames to be joined
using an adjustable overlap joint according to the present
invention;

[0015] FIG. 4 is a longitudinal cross-sectional view
showing a third embodiment of frames to be joined using
an adjustable overlap joint according to the present in-
vention;

DESCRIPTION OF THE INVENTION

[0016] One embodiment of a friction stir welding meth-
od according to the present invention will be explained
with reference to fig. 2.

[0017] Fig. 2illustrates a cross section of a first frame
member 101 and a second frame member 102, which
are subjected to be welded together by means of friction
stir welding. Both frame members are preferably made
from extruded hollow frame members made of an alu-
minium alloy.

[0018] As can be seen from the figure, the first frame
member includes a first flange 11 and a second flange
12 extending in parallel from a body (not shown in its
entirety in the figure) of the frame member. The flanges
11 and 12 project towards the adjacent frame member
102.

[0019] The second frame member 102 includes a first
wall 21 and a second wall 22 joined along a first edge of
the first wall 21 and along a first edge of the second wall
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22 by an intermediate wall 23. The intermediate wall (23)
is preferably part of the second frame member. This in-
termediate wall is used as a root support during the fric-
tion stir welding. Alternatively the intermediate wall may
be omitted (limitation of the frame at the dotted lines in
figure 4) and a bobbin tool used to join the frames, pro-
viding a joint from two sides of each wall. A separate
support may alternatively be inserted into the frame dur-
ing welding to provide the required backing.

[0020] The frame members may have a slightly round-
ed shape depending on the final shape of the frame con-
struction.

[0021] A first rebate is arranged along the first edge of
the first wall 21. Said first rebate has along its length a
first sunk surface 21 a facing outwards. The first rebate
has further a stepped wall 16, so that a step downwards
is formed from the face of the first wall 21 to the first
surface 21 a. In correspondence to this, a second rebate
is arranged along the first edge of the second wall 22.
Said second rebate has along its length a second sunk
surface 22a facing outwards. The second rebate has a
stop wall 22b, so that a step downwards from the face of
the second wall 22 to the second sunk surface 22a is
formed. The first and the second sunk surfaces are sub-
stantially parallel to each other.

[0022] The distance between the inner surface of the
first flange 11 facing the inner surface of the second
flange 12 of the first frame member is approximately the
same as the distance between the first and the second
sunk surfaces of the first wall 21 and the second wall 22,
respectively. Hence, the first frame member 101 will
smoothly fit and be received by the second frame mem-
ber 102, in that the flanges 11 and 12 will slide onto the
sunk surfaces 21 a and 22a when the first and the second
members are brought together and joined.

[0023] According to one aspect of the invention the
first flange 11 is arranged to be wider than the second
flange 12. This means that the first flange 11 extends
farther from the body of the first frame member than the
second flange 12 (related to the lengths, that can be un-
derstood from the cross sectional view of figure 2). Ac-
cordingly, the first flange 11 will then have a greater over-
lap than the second flange 12 of the joint between the
firstmember 101 and the second member 102 when they
are brought together and fitted to each other, providing
the construction with a great flexibility in terms of modi-
fication of the shape.

[0024] The welding process starts with joining the first
frame member 101 to the second frame member, an ac-
tion that starts with introducing the second flange 12 of
the first frame member 101 into the second rebate of the
second frame member 102 until an edge 12a of the sec-
ond flange 12 abuts the end wall 22b of the second re-
bate. This step is followed by rotating the first frame mem-
ber 101 about a contact point, working as a hinge, be-
tween said edge 12a of the second flange 12 and said
end wall 22b making the inward directed surface of the
first flange 11 slide across the first sunk surface 21 a
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along the first rebate of the second frame member 102.
The rotation is continued until the dimension of the fitted
frames fit the nominal dimension of the product produced.
The arrangement is such that the edge 11a of the first
flange 11 will not reach the stepped wall 16 of the first
rebate of the second frame member, when the first frame
member and the second frame member are fully engaged
with each other as described. Accordingly a gap will be
formed between the edge 11 a and the stepped wall 16.
If needed the gap may be filled and polished to obtain a
smooth surface.

[0025] Another aspect of the invention is to be able to
freely adjust the overlap for the first flange 11 in relation
to the first sunk surface 21 a. In this way it is possible to
regulate the dimension of the frame by sliding the flange
11 of the first frame member and the wall 21 of the second
frame member inrelation to each other before performing
the welding.

[0026] Thefirstflange (11)isarranged to be widerthan
the second flange (12), to allow for the adjustment of the
angle between the frame members.

[0027] Inthe case of the railway car, the side construc-
tive body and the roof constructive body have acicular
arc shape. The present invention can be adapted to the
above structure by adjusting the overlap of the flange 11
of the first frame in relation to the second frame member
so that close to nominal dimensions are obtained.
[0028] The method of manufacturing this structural
body will be explained. The hollow frame members 101
and 102 are mounted on a welding bed. Next, the frame
members 101 and 102 are moved until the edge 12a and
the end wall 22b are abutted. Next, the first and second
frame members are slightly rotated around the lower at-
tachment node (abutment surfaces of edge 12a and end
wall 22b) to obtain a frame structure of nearly nominal
dimension. The hollow frame members 101 and 102 are
then fixed on the bed.

[0029] With this condition, a rotary tool of the friction
stir welding apparatus is inserted from above to form a
joint above the intermediate wall 23 and into the overlap-
ping portion and the tool is moved along a welding line,
so that friction stir welding is carried out.

[0030] The rotary tool comprises a large diameter por-
tion and a small diameter portion at a tip end of the large
diameter portion. The tip end (the lower end) of the small
diameter portion of tool is positioned so that the shoulder
does not extend outside the overlap of flange 11 in rela-
tion to surface 21 a in the lateral direction.

[0031] Alternatively, welding can be carried out simul-
taneously from the upper and the lower side of the frame
construction or by the use of a bobbin tool.

[0032] Although the present invention has been de-
scribed and illustrated with respect to various exemplary
embodiments thereof, it should be understood by those
skilled in the art the various changes, omissions and ad-
ditions may be made therein and thereto, without depart-
ing from the spirit and scope of the present invention.
Thus, the present invention should be construed to in-
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clude all possible embodiments and equivalents thereof
which fall within the scope of the appended claims.
[0033] According to the present invention, a frame
structure of high accuracy can be obtained.

Claims

1. A method for welding a first (101) and a second (102)
frame members by means of friction stir welding,
wherein said first frame member (101) includes a
first flange (11) and a second flange (12) extending
in parallel from the first frame member and wherein
said second frame member includes a first wall (21)
and a second wall (22) extending in parallel from an
end portion of the second frame member, said first
wall (21) having along said first edge a first rebate
with a first sunk surface (21 a) facing outwards and
said second wall (22) having at said first edge a sec-
ond rebate with a second sunk surface (22a) facing
outwards, wherein said first (21 a) and said second
(22a) sunk surfaces are substantially parallel to each
other, characterized in that the method comprises
the steps of:

- introducing the second flange (12) of the first
frame member (101) into the second rebate of
the second frame member (102) until an edge
(12a) of the second flange (12) abuts an end
wall (22b) of the second rebate,

- rotating the first frame member (101) about a
contact point between said edge of the second
flange (12) and said end wall (22b) until an in-
ward directed surface of the first flange (11)
slides along the first sunk surface (21 a) of the
first rebate of the second frame member (102)
so as to freely adjust an overlap of the first flange
(11) in relation to the first sunk surface (21 a) of
the second frame member (102)

- carrying out a friction stir welding between the
first frame member (101) and the second frame
member (102) to form a welded joint.

2. A method according to any of claims 1 or 2, where
the first flange (11) is arranged to be wider than the
second flange (12).

3. A method according to any of claims 1-2, where the
welding is carried out simultaneously from two sides
of the frame.

4. A method according to any of claims 1-3, where the
welding is carried out simultaneously from two sides
of atleast one of the wall/flange (11, 21) and (12, 22).

5. A method according to any of claim 4, where the
welding is carried out by the use of a bobbin tool.
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6.

10.

11.

12.

13.

14.

A method according to any of claims 1-5, where a
tool having a pin and a shoulder is used, and the tool
is positioned so that the shoulder does not extend
outside overlap of flange 11 in relation to surface 21
a in the lateral direction.

A method according to any of claims 1-6, where an
intermediate wall (23) is used as a backing for the
tool during the welding process.

A method according to any of claims 1-7, where a
separate support is inserted as a backing during
welding.

A frame construction comprising ain that a first (101)
and a second (102) frame members joined by means
of friction stir welding, wherein said first frame mem-
ber (101) includes a first flange (11) and a second
flange (12) extending in parallel from the first frame
member and wherein said second frame member
includes a first wall (21) and a second wall (22) ex-
tending in parallel from an end portion of the second
frame member, characterized in that said first wall
(21) has along said first edge a first rebate with a
first sunk surface (21 a) facing outwards and said
second wall (22) has at said first edge a second re-
bate with a second sunk surface (22a) facing out-
wards, wherein saidfirst (21 a) and said second (22a)
sunk surfaces are substantially parallel to each other
and the first and second frame members are slightly
rotatable around a lower attachment node, located
at the abutment surfaces of edge (12a) and (22b).

A frame construction according to claim 9, where the
firstflange (11) is arranged to be wider than the sec-
ond flange (12).

A frame construction according to claim 9 or 10,
where along a first edge of the first wall (21) and
along a first edge of the second wall (22) an inter-
mediate wall (23) is arranged.

Aframe construction according to any of claims 9-11,
where the intermediate wall (23) is part of the second
frame member.

Aframe construction according to any of claims 9-12,
where the frame members are aluminium extrusions.

Method of adjusting the shape of a frame construc-
tion characterized in that the method comprises
the steps of:

- arranging a first frame member (101) compris-
ing a first flange (11) and a second flange (12)
extending in parallel from the firstframe member
and a second frame member comprising a first
wall (21) and a second wall (22) extending in
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parallel from an end portion of the second frame
member, said first wall (21) having along said

first edge a first rebate with a first sunk surface

(21 a) facing outwards and said second wall (22)
having at said first edge a second rebate witha 5
second sunk surface (22a) facing outwards,
wherein said first (21 a) and said second (22a)
sunk surfaces are substantially parallel to each
other

- introducing the second flange (12) of the first 10
frame member (101) into the second rebate of

the second frame member (102) until an edge
(12a) of the second flange (12) abuts an end
wall (22b) of the second rebate,

- rotating the first frame member (101) abouta 75
contact point between said edge of the second

wall (12) and said end wall (22b) until an inward
directed surface of the first flange (11) slides
along the first sunk surface (21 a) of the first
rebate of the second frame member (102) soas 20
to freely adjust an overlap of the first flange (11)

in relation to the first sunk surface (21 a) of the
second frame member (102).
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